Terminal deletions of chromosome 15q are rare events, with only six cases previously described. Here we describe a seventh case of a terminal deletion of the long arm of chromosome 15, with the present case exhibiting clinical features not previously described.
INTRODUCTION
Six cases of terminal deletions on the distal long arm of chromosome 15 have been reported previously. [1] [2] [3] [4] [5] Most cases shared the features of intrauterine growth retardation, microcephaly, developmental delay, and ear abnormalities. Here we report an infant with the same chromosomal deletion as these previous cases, but with features not described in any of those children. Among these are cholestatic liver disease, small kidneys, and spinal cord abnormalities. As interstitial and terminal deletions resulting in the formation of ring chromosome 15 are more common, we also compare the phenotypic characteristics of terminal deletions of the distal long arm of chromosome 15 to those found in the ring chromosome 15 syndrome. 6 
CASE REPORT
A 34-year-old gravida 4, para 3 mother presented to a community clinic for prenatal care at 23 weeks gestation. A triple screen at that time showed an elevated alpha-fetoprotein, and she was referred for ultrasonogram examination. Initial fetal ultrasonogram at 25 weeks gestation showed a cardiac anomaly characterized by a hypertrophic myocardium, dilated pulmonary outflow tract and a ventricular septal defect. Repeat ultrasonography at 29 weeks gestation confirmed these findings, and also showed a mild decrease in the amount of amniotic fluid, an aortic arch abnormality, and decreased growth velocity (Table 1) . Nuchal fold thickness was not evaluated on either of these sonograms.
Baby R was a 1536 g infant delivered at 34 weeks via Cesarean section for fetal distress. Spontaneous rupture of membranes with leakage of clear fluid occurred 23 hours prior to delivery. Apgar scores were 7 and 8 at 1 and 5 minutes, respectively. Maternal serologies for HIV, HBsAg, and RPR were negative. The infant was intubated at 15 to 20 minutes of life for poor respiratory effort, umbilical catheters were placed, and prostaglandin E1 infusion was started.
Physical examination revealed the weight, length, and fronto-occipital circumference to be less than the 5th percentile. Other findings included a flat nasal bridge, a large anterior fontanelle, short palpebral fissures, bulbous nose, both ears with hypoplastic helices, redundant posterior neck skin, a grade II/VI systolic murmur best heard at the apex, slightly hyperpigmented labia majora with mild rugation, a deep sacral pit, clinodactyly of the 4th and 5th fingers of both hands, ulnar curvature of the 2nd finger of both hands, and medial deviation of all toes with a mild bilateral equinovarus.
A postnatal echocardiogram revealed an interrupted aortic arch, with a right sided aorta, a large patent ductus arteriosus, ventricular septal defects, and a hypoplastic mitral valve leaflet. Magnetic resonance imaging confirmed the aortic arch findings, and also showed moderately severe narrowing of the left main bronchus with mild hypoplasia of the left lung. Initial head ultrasonogram on day of life (DOL) 2 showed normal anatomy, with mild thinning of the posterior corpus callosum. A repeat head ultrasonogram performed on DOL 99 showed the development of slight prominence of extra-axial CSF spaces over the cerebral convexities. Ophthalmologic examination was normal. An ultrasonogram of the sacral pit demonstrated a tethered spinal cord. Renal ultrasonogram performed on DOL 2 showed the kidneys to be quite small for age, while subsequent ultrasonograms demonstrated good growth velocity. She also exhibited mild renal insufficiency (serum creatinine ranging from 0.9 to 1.5 mg%, BUN ranging from 22 to 50 mg%) over the first month of life.
The infant had a prolonged and complicated course in the Neonatal Intensive Care Unit. On DOL 63, she underwent surgical repair of her aortic arch and closure of the ventricular septal defects. Postoperatively, she developed pericardial effusions and necrotizing enterocolitis, both of which were treated medically. At around 3 months of age, she developed cholestasis that was of uncertain etiology. Biliary imaging showed hepatomegaly, and hepatic scan showed severe hepatobiliary dysfunction indicative of biliary atresia. At about 5 months of age, she developed an intercurrent pulmonary illness consistent with a severe viral bronchiolitis, the course of which was characterized by intense air-trapping, bilateral pneumothoraces, and ultimately death.
CYTOGENETIC AND MOLECULAR STUDIES
Chromosome analysis of peripheral blood revealed an abnormal female karyotype with a terminal deletion of the distal long arm of one chromosome 15 (46 XX, del(15)(q26.1)ish that was confirmed on telomere FISH (D15S396-). The mother and father declined chromosomal analyses.
DISCUSSION
Terminal deletions of chromosome 15q are not well described in the literature. To our knowledge, this is the seventh patient reported with a terminal deletion at 15q26.1 that is not associated with a ring chromosome 15. There are multiple reports of distal interstitial deletions involving chromosome 15q, and reports of some terminal deletions involving formation of a ring chromosome 15. Our case shares some clinical features with the previously described cases, and has some novel features. Table 2 summarizes the clinical features of our case report, and compares them to the previously described cases, and to features described in the ring 15 chromosome syndrome.
A relatively small number of genes have been mapped to the 15q26.1 region. Among these are insulin-like growth factor receptor (IGF1R), 3 the FES protooncogene, 7 which is very tightly linked to the BLM locus 8 (mutations of which cause Bloom Syndrome), the human mitochondrial NADP þ -specific isocitrate dehydrogenase gene (IDH2), 9 a form of spondyloepiphyseal dysplasia, 10 and more recently, VPS33B (mutations of which are thought to cause the arthrogryposis-renal dysfunction-cholestasis (ARC) syndrome) 15 and myocyte-specific enhancer factor 2A (MEF2A). 5 Recent work has shown what appears to be dose responsiveness to the IGF1R gene, both in fibroblast proliferation as well as in pre and postnatal growth. 4, 11 One of the clinical aspects of Bloom Syndrome is proportionate ''smallness'' of the body. Further, there is genomic instability that predisposes children with Bloom Syndrome to forming a wide variety of neoplasms early in life. A recent report of a child with tetrasomy of the distal portion of chromosome 15q showed postnatal overgrowth and development of bilateral Wilms Tumors, but there are no reported clinical implications of loss of one copy of the FES gene. 12 In the mouse model, FES is purported to play a role in the innate immune response. 13 Likewise, the clinical implications of a loss of one copy of IDH2 are unknown, but research carried out in yeast shows that the loss of function of the mitochondrial isoform of IDH causes instability of the mitochondrial DNA leading to a higher rate of mitochondrial DNA mutations and growth restriction.
14 Recently published work shows that mutations in VPS33B, the human homologue of a yeast protein involved in Golgi to lysosome trafficking, cause the ARC syndrome. 15 Our patient may represent a point in the spectrum of this syndrome, as she developed progressive cholestatic disease of unknown etiology at approximately 3 months of age. By ultrasonography, she had small kidneys for age, and as mentioned above also demonstrated renal insufficiency. It is unclear that this was entirely related to her genetic syndrome, as her renal insufficiency may be attributable to her cardiac disease. Lastly, there have been several groups that have implicated the terminal portion of 15q as a possible locus for the development of congenital diaphragmatic hernia (CDH), and Biggio et al. 5 report a patient with a 15q26.1-qter deletion with similar cardiac findings as our patient, but who also has CDH.
Our patient presented here exhibited a number of features that were seen in some, but not all, of the previous case reports. Among these were the complex cardiac anomalies, lung hypoplasia and small kidneys. In addition, she also exhibited cholestatic liver disease of unknown etiology and a tethered spinal cord, both features not previously described. All of these phenotypic features likely represent a spectrum of abnormalities present in this syndrome. The life expectancy of children with this chromosomal abnormality varies widely, from 20 minutes to 12.3 years reported in the literature. [1] [2] [3] [4] [5] The most severely effected infant had a diaphragmatic hernia and complex congenital heart disease, and the range represents the age of the children at the time of the case report. As more infants and children are identified with this genetic deletion, clinicians will need to be aware of the multisystem character of this disorder in order to best address the spectrum of medical issues facing these patients.
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